Abstract: Five new compounds, lippianosides A (1), B (2), C (3), D (4), and E (5), along with 26 (6-31) known ones were obtained from the 95% EtOH extract of Lippia triphylla (L. triphylla) aerial parts collected from Rwanda, Africa. Among the known compounds, 11 and 17-30 were isolated from the Lippia genus for the first time. In addition, 12, 13, and 16 were firstly obtained from this species. The structures of them were elucidated by chemical and spectroscopic methods. The antioxidant and triglyceride accumulation inhibition effects of the 31 compounds were examined in L6 cells and HepG2 cells, respectively.
Introduction
The genus Lippia (L.) has a great economic value as a condiment and traditional medicine. Lippia leaves, flowers, and aerial parts were used in folk medicine for the treatment of respiratory and digestive system diseases [1] . Polyphenols from L. citriodora decreased triglyceride (TG) accumulation, the generation of reactive oxygen species (ROS) and restored mitochondrial membrane potential in adipocytes via ROS-mediated down-regulation of nuclear factor κB transcription factor, peroxisome proliferator-activated receptor γ-dependent transcription, upregulation of adiponectin and activation of AMP-activated protein kinase (AMPK) [2] . Essential oils from L. thymoides leaves had antimicrobial selectivity to Gram-positive bacteria Staphylococcus aureus and Micrococcus luteus [3] . Methanolic extract of L. nodiflora leaves showed reduced effect on ROS production against LPS induced toxicity in HepG2 cells [4] . L. sidoides displayed immunomodulatory effects through the inhibition of cyclic nucleotide-dependent phosphodiesterase activity and activation of p38 MAPK pathway [5] . L. graveolens extract and its constituents, cirsimaritin, hispidulin, and naringenin, could inhibit dipeptidyl peptidase IV and protein tyrosine phosphatase, which indicated that L. graveolens was useful for type 2 diabetes management [6] . Oral administration of γ-sitosterol isolated from L. nodiflora once daily for 21 days in STZ-induced diabetic rats resulted in a significant decrease in blood glucose and glycosylated hemoglobin with a significant increase in plasma insulin level, and, subsequently, increased insulin secretion in response to glucose [7] . D +7.9˝(in MeOH), white powder. Its molecular formula, C 27 H 36 O 12 , was determined from the molecular ion peak at m/z 575.2113 [M + Na] + by HR-Q-TOF-ESI-MS measurement. Acid hydrolysis of 1 with 1 M HCl yielded D-glucose, which was identified on the basis of retention time (HPLC) and optical rotation [37, 38] . 1 H-and 13 C-NMR (DMSO-d 6 , Table 1 ) spectra suggested the following moieties presented in 1: a β-D-glucopyranosyl (δ 3.98 (1H, d, J = 8.0 Hz, H-1 11 )), two ABX-type aromatic rings (δ 6.64 (1H, dd, J = 2.0, 8.0 Hz, H-6 1 ), 6.71 (2H, J = 8.0 Hz, H-5 and 5 1 ), 6.76 (1H, d, J = 2.0 Hz, H-2 1 ), 6.77 (1H, dd, J = 2.0, 8.0 Hz, H-6), 6 .88 (1H, d, J = 2.0 Hz, H-2)), three methoxy groups (δ 3.07, 3.73, 3.76 (3H each, all s, 7 1 , 3 1 , 3-OCH 3 )). In addition, the 1 H and 13 C-NMR spectra exhibited signals attributable to two methylenes bearing oxygen (δ 3.11 (1H, dd, J = 9.0, 9.0 Hz, H-9 1 a), 3.46 (1H, dd, J = 4.0, 9.0 Hz, H-9 1 b), 3.75 (1H, m, overlapped, H-9a), 4.05 (1H, dd, J = 4.5, 9.0 Hz, H-9b), two methines bearing oxygen (δ 3.97 (1H, d, J = 7.5 Hz, H-7 1 ), 4.56 (1H, d, J = 7.5 Hz, H-7)), along with two aliphatic methines at δ 1.75 (1H, m, H-8) and 2.40 (1H, m, H-8 1 ), respectively. According to the long-range correlations ( Figure 3 ) observed from HMBC spectrum, the planar structure of 1 was determined. The coupling constant of H-7 1 (J = 7.5 Hz) in 1 suggested an antiperiplanar orientation of H-7 1 and H-8 1 . On the other hand, the CD spectrum of 1 (∆ε:´121.7 (201 nm),´5.9 (228 nm)) was very similar to that of (7R,8S,7 1 S,8 1 R)-4,9,4 1 ,7 1 -tetrahydroxy-3,3 1 -dimethoxy-7,9 1 -epoxylignan 9-O-β-D-glucopyranoside (∆ε:´12.9 (205 nm),´2.5 (234 nm)) [39] , which indicated the absolute configuration of 1 was 7R,8S,7 1 [37, 38] . 1 H-, 13 C-NMR (CD 3 OD, Table 2 ) and various 2D NMR spectra (Figure 4 ), indicated the presence of an iridoid moiety, a trans-feruloyl, and a β-D-glucopyranosyl in 2. In the HMBC experiment (Figure 4) , the long-range correlations between the following proton and carbon pairs were observed: δ H 4.98 (H-1) and δ C 145.0 (C-8), 152.9 (C-3); δ H 3.13 (H-5) and δ C 145.0 (C-8), 171.0 (C-11); δ H 2.69 (H-9) and δ C 113.3 (C-4), 128.9 (C-7); δ H 4.19, 4.25 (H 2 -10) and δ C 46.7 (C-9), 128.9 (C-7), 145.0 (C-8); δ H 4.73 (H-1 1 ) and δ C 98.9 (C-1); δ H 4.40, 4.44 (H 2 -6 1 ) and δ C 169.1 (C-9 11 ). Finally, in the NOESY spectrum, the NOE correlations between δ H 4.98 (H-1) and δ H 1.96 (Hα-6); δ H 3.13 (H-5) and δ H 2.69 (H-9) and 2.75 (Hβ-6); and δ H 2.75 (Hβ-6) and δ H 2.69 (H-9) suggested the relative configuration of 2 was 1α,5β,9β. On the other hand, the 1 H and 13 C-NMR spectra of 2 were superimposable on those of 6 1 -O-trans-p-coumaroyl geniposidic acid [40] , except for the signals due to trans-feruloyl group at 6 1 -position. Consequently, the structure of lippianoside B was elucidated to be 6 1 -O-trans-feruloyl geniposidic acid (2). Na, 557.2255 ). Its IR spectrum showed absorption bands due to hydroxyl (3384 cm´1), α,β-unsaturated carbonyl (1701 cm´1), aromatic ring (1603, 1514 cm´1), and ether function (1064 cm´1). Acid hydrolysis of 3 with 1 M HCl gave D-glucose and L-rhamnose [37, 38] . The 1 H-, 13 C-NMR (CD 3 OD, Table 3 ) and various kinds of 2D NMR ( Figure 5 ) including 1 H-1 H COSY, HMQC, and HMBC showed signals assignable to 2-hexene-1-alcohol, trans-p-coumaroyl, β-D-glucopyranosyl, and α-L-rhamnopyranosyl. In the HMBC experiment, the long-range correlations were observed between δ H 4.36 (H-1 1 ) and δ C 70.7 (C-1); δ H 5.19 (H-1 11 ) and δ C 81.7 (C-3 1 ); and δ H 4.92 (H-4 1 ) and δ C 168.4 (C-9 111 ), and the connectivities of the above-mentioned moieties were elucidated. Finally, in the NOESY experiment, the NOE correlations observed between δ H 2. 1.05, 1.07, 1.78 (3H each, all s, H 3 -11, 12, 13 , H-1 1 ) ). The 1 H-1 H COSY experiment indicated the presence of partial structure written in bold lines (Figure 6 ). According to the long-range correlations ( Figure 6 ) observed from HMBC spectrum, the planar structure of 4 was determined. Finally, treatment of 4 with 1 M HCl liberated D-glucose [37, 38] . Enzymatic hydrolysis of it with β-glucosidase gave (3S,4R,9R)-3,4,9-trihydroxymegastigman-5-ene [27] as aglycon. Then, the structure lippianoside D was determined to be (3S,4R,9R)-3,4,6-trihydroxymegastigman-5-ene 9-O-β-D-glucopyranoside (4). Lippianoside E (5) was obtained as a white powder. Its molecular formula, C 19 H 30 O 9 , was determined from the positive HR-Q-TOF-ESI-MS. The 1 H-and 13 C-NMR (CD 3 OD, Table 5 ) spectra showed signals assignable to four methyls (δ 1.15, 1.37, 1.47, 2.19 (3H each, all s, H 3 -12, 11, 13, 10)), two methylenes (δ (1. [37, 38] . In the NOESY experiment, NOE correlations were observed between the following proton pairs: δ H 1.92 (Heq-2) and δ H 1.37 (H 3 -11) and 4.32 (H-3) Antimycin A, an electron transport chain inhibitor in mitochondria between cytochromes b and c, can produce ROS in cells, causing the leakage of superoxide radicals from cell mitochondria by inhibiting mitochondrial electron transport [41] . Compared with normal group, 20 µg/mL antimycin A induced significant L6 cell injury at a rate of 50%, while 10 µM resveratrol showed increased cell survival rate effects compared with the antimycin treated group. Except for 1, 2 and 20, all the compounds isolated from L. triphylla displayed significant protective effects against antimycin A-induced L6 cell injury at 30 µM, and 21 showed strongest protective activity (Figure 8 ). Intracellular excess lipid accumulation (especially in liver and muscle) is a mediator of metabolic syndrome, which is comprised of a cluster of risk factors such as diabetes, hyperlipidemia, and hypertension. Free fatty acid (FFA) induced TG accumulation in HepG2 cells is commonly used for research on lipid metabolism regulation effects [42] . As shown in Figure 9 , intracellular lipid contents were significantly increased after 0.2 mM oleic acid treatment. This accumulation effects were inhibited by orlistat at 0.5 µM. The TG accumulation inhibitory effects of the isolates were tested. Except for compounds 12, 13 and 20-22, all isolates displayed inhibitory effects on TG accumulation in FFA induced HepG2 cells. 
Experimental Section

General
The following instruments were used to obtain physical data: Optical rotations were determined on a Rudolph Autopol IV automatic polarimeter (Rudolph Research Analytical, Hackettstown, NJ, USA, l = 50 mm), IR and UV spectra were recorded on Varian 640-IR FT-IR (Varian Australia Pty Ltd., Mulgrave, Australia)and Varian Cary 50 UV-VIS spectrophotometer (Varian, Inc., Hubbardsdon, MA, USA), respectively. 1 H-and 13 C-NMR spectra were measured on a Bruker 500 MHz NMR spectrometer (Bruker BioSpin AG Industriestrasse 26 CH-8117, Fällanden, Switzerland) at 500 MHz for 1 H-and 125 MHz for 13 C-NMR, with tetramethylsilane (TMS) as an internal standard. Positiveand negative-ion HR-ESI-Q-TOF-MS were recorded on an Aglient 6520 Q-TOF mass spectrometer (Agilent Corp., Santa Clara, CA, USA).
The following experimental conditions were used for chromatography: A macroporous synthetic resin (D101) (Haiguang Chemical Co., Ltd., Tianjin, China), Silica gel (74-149 µm, Qingdao Haiyang Chemical Co., Ltd., Qingdao, China), and ODS (50 µm, YMC Co., Ltd., Tokyo, Japan). HPLC was performed on ODS (Cosmosil 5C18-MS-II, Tokyo, Japan; Φ = 20 mm, L = 250 mm, flow rate 9.0 mL/min), and the eluate was monitored with a UV detector (Shimadzu RID-10ª UV-vis, Shimadzu Co. Ltd., Kyoto, Japan).
Plant Material
The aerial parts of Lippia triphylla were collected in Rwanda, Africa, and identified by Dr. Tianxiang Li at Tianjin University of TCM as M. indica L. A voucher specimen was deposited at the Academy of Traditional Chinese Medicine of Tianjin University of TCM.
Extraction and Isolation
The dried aerial parts of L. triphylla (2.85 kg) were extracted with 95% EtOH under reflux. Evaporation of the solvent under reduced pressure to yield a 95% ethanol-water extract (403 g). The above-mentioned CHCl 3 layer (85.0 g) was subjected to Silica gel CC (CHCl 3 Ñ CHCl 3 -MeOH (100:1 Ñ 100:3 Ñ 100:5 Ñ 100:7, v/v) Ñ MeOH) to give 13 fractions (Fr. 1 1 -13 1 ). Fraction 5 (29.3 g) was purified by Sephadex LH-20 and Silica gel CC, along with PHPLC to afford jaceosidin (15, 11.2 mg), 9-hydroxymegastigm-5-en-4-one (24, 2.4 mg), (´)-loliolide (25, of DMSO was less than 0.1%). After 48 h incubation, the amount of intracellular triglycerides was determined with a Triglycerides kit (BioSino Bio-technology and Science Inc., Beijing, China) after cell lysis. Orlistat was used as positive control.
Statistical analysis: Values are expressed as mean˘SD. Analyses on the grouped data were performed using SPSS 11.0. Significant differences between means were evaluated by one-way analysis of variance (ANOVA) and Tukey's Studentized range test was used for post hoc evaluations. A p value of <0.05 was considered to indicate statistical significance.
Conclusions
In summary, five new, along with 26 known, compounds were identified from the 95% EtOH extract of L. triphylla aerial parts collected from Rwanda, Africa. Their structures were elucidated by chemical and spectroscopic methods. Among the known compounds, 11, and 17-30 were isolated from Lippia genus for the first time. In addition, 12, 13, and 16 were obtained from this species for the first time. All compounds were tested for their antioxidant and triglyceride accumulation inhibition effects in L6 cells and HepG2 cells, respectively. The results indicated that, except for 1, 2 and 20, all compounds isolated from L. triphylla displayed significant protective effects against antimycin A-induced L6 cell injury at 30 µM, and 21 showed the strongest protective activity. Meanwhile, 1-11, 14-19, and 23-26 displayed inhibitory effects on TG accumulation in FFA induced HepG2 cells. Our study provides partial scientific support for the development and utilization of L. triphylla aerial parts.
